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THEFAHUNGOFAIRFOILCONTOURS.*

ByEdwardP.Tkcm5r.

greatmmy attemptshavebeenmadeat improving

ofairfoilsby abruptchangesincontour,pro-

commonlydescribedasfreaksections,noneofthem

haveachievedanyrealsuccess-A studyof thewholeliterature

ofthesubjectrevealsno instancewheregoodall-roundresults

havebeengivenby anyairfoilhavinganabruptchangeincontour

ora discontinuityeitherin slopeor curvatureanywhereexceptat

theleadingandtrailingedges.

Ifitbe acceptedasa factthatgoodresultswitha wing

sectioncanonlybe obtainedby makingitof smoothform,theim-

portanceofaccurateandsimplemeansoffairingthecontours,

whereby

becomes

devices

thesmoothnessof

evident-VaYious

forfairinghave,

theiroutlinecanbe quicklydetermined~

mechanical,graphicalandanalytical

of course,longbeenknowntoandused%y

navalarchitects,but’theiruse By designersofaircraftseemsm

havebeenratherrare-A certainamountofworkhasbeendoneon

thefairingoffuselages,an analyticalmethodhavingbeendeveloped
z9-

byMr.AllenLoomis,* butthefairingofairfoilcontours,whichis

verymucheasierandat leastas important,hasbeensubstantially

neglected.Theresultofthefailureto studythesmoothness~:’

* llSci&tificFairing of Vt3neeT Fllse@geS,‘tBulletinof We Airplane
EngineeringDivision,U.S*A-,October,1918,pp~56+35.
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Ofthecontoursby anyspecialdeviceresultsintheproductionof

a verylargenumberofunfairairfoilforms.Thewriterls

encewhileinchargeoftheoperationofa windtunnelhas

thatatleast50%of theairfoilsectionsofwhichprivate

experi-

been —

individ-

ualsandcompaniessendintheordinatesanddrawing6inorderthat

themodelsmaybe constructedandwindtunneltestsmade,areimper-

fectlyfairedandcanbe improvedinsmoothnessbyveryslightad-

justmentoftheordinates.

Imperfectfairingisinevitableif,as isusuallythecase,

relianceis to be placedona simpledirectdrawingofanairfoil

section,nowutterwhatthescaleemployed.Itisa commonprac-

ticetodrawa sectionup ona chordof threeorfourfeetlength

andthentoconsideritasfairedifno irregularityisevidentto

theeyeinlookingalongthecurve.Thattestisa verycrudeone,

however.Evenona four-footchordlengththebreadthofanordi-

naryinklineisan importantfractionoftheordinate,andthe

almostunconsciousfairingdoneby thedraftsmanisenoughsothat

thecurve mayappearperfectlysmoothasdram,andyetwhena mod-

elismadeexactlyto thespecifiedordinatesitmayprovetohave

a wholeseriesof ridgesandhollowsintheupperor lowersurface

orboth. ‘

Themostobviousdeviceforfairinga contouris simplytoplot

itina foreshortenedform,theordinatesbeingenlargedto several

timestheirtrueproportionas co~aredto theabscis~ae=Thisis

themethodwhichisusmlly mostconvenientof applicationto the

lowersurfaceofa wing.Itsuseinthatconnectionisillustrated
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inFig.1,wherethecontourof thelowersurfaceof theR,A.F.6is

plottedfromtheoriginalBritishordinate.* Thecurvehasfirst

beenplotteddirectlyandinitstzue form fromtheordinateas

given.Itwillbe observedthatthecurveisalmosta st~aight

llneandthatitisimpossib3.etodetectanyappreciabledeviation

betweenthemarkedpointsq,ndthecurve.LowerdowninFig.1,the

sameordinatesareplottedtoa scaleenlarged20-fold,thescale

oftheabscissae(distacesalongthechord)remainingunchanged.

Thedottedcurveactuallypassesthroughthepointsasplottedand

itsunfairnessisnowobvious.Itcouldhardlyescapenoticeeven

ifthecurvehadbeenveryroughlyplotted,whereasthe

fulandaccuratedraftsmangh~pwouldhavebeenrequired

informationfromtheoriginalundistortedcurves.By a.

mostcare-

to gainany

verysmall

modificationof theordinatesata fewof thestationsthecurve

canbe smoothedoutas shownby thefullline.Thetroublehere

wasnotsomch dueto incorrectspecificationoftheordinatesas

to insufficientlycompletespecification,theheightsofthelower

surfacebeinggiventoonlyonesignificantfigureanda variation

ofonedigitcorrespondingto .036iiona windtunnelmodelof6-inch

chord,whilea metalmodelmadeby thebestmeansnowavailablecan

be consideredcorrectwithin.OO1n.Theinclusionof atleastone

additionalsignificantfigurein thetabulationofordinateswould

thereforebe justified~Theoriginalordinatesas specifiedforthe

lowersurfacearegivenbelow,sideby sidewiththecorrectedor-

dinatesbeinggivento- si~ificantfiguresinsteadofonlyone.
* TechnicalReportoftheBritishAdvisoryCommitteeforAeronautics,
19U-13, Page89.
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Itwillbe observedthatthemaximumchangeofordinateis .0007

ofthechord,

Distancefrom
le,~illge~ge.

o
-05
.1
.2
.3
.4
.5
.6
.7

:;
1*O

same

a’verysmallchangebutnotan entirelynegligibleone.

Ortghal.
O::d.inaiies.

o
a 002
* O()*
*01)7
.008
.00’1
.005
● (X)4
.033
.002
.001

0

Faired
ordinates

o
● 0022
.0042
.0068 .
.0077
.0070
.0057
.0043
-0030
. 001=
. 0G08

o

methodcan,ofcourse,beusedforfairingtheupper

andtheapplicationtothissamewingissho~ainFig*2,

wherethewinghasbeenplottedtonormalsizeandalsowiththeor-

dinateselongated6-fold.

shortenedcurvethatsome

ata coupleofpoint=.

Witha curveasdeep

Xt isevidentfrominspectionof thefore-

improvementcanbe madeinthesmoothness

andaschangeableinformas thatforthe

uppersurfaceofanairfoilislikelytobe,betterresultscanbe

securedby anothermethodof fairing.If eachoftwocurvesare

sqoothinfozti,thecurveofdifferencesbetweenthemshouldalsobe

smooth.1%thereforesufficesto choosesomeanalyticcurveof sim–

pleformandtoplota curveofdifferencesbetweentheordinatesof

thatdatumcurveandtheactualwingcontour.Themostconvenient

analyticourveforthispurposeis,

a straightlineservesverywellin

ofcourse,a straightline,and

manyinstances,particularlyfor

——
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therearpartof theuppersurface?As an illustration,curvespf

differencesofordinatehavebeenplottedinFig*3,withrespect

tothreestraightlines,oneeachplamsdespeciallytotakecare

oftheforward,themiddleandtherearpcrtionsof theuppersur-

facecontour.Thelinesthemselvesareindicatedonthedrawingat

thetopofthefigure,andalsodefifiedby the:rewations,andthe

differencesofordinatesareplottedexaggeratedl+fold= Their-

regularityofformontherearpartoftheuppersurfacenowshows

up veryclearlyon curve3 inFig.3,anditisevidentthatthe

smoothnesswouldbe improvedifthetwoordinatesimmediatelyfor-

wardofthetrailingedgewerechangedfrom.027to .0263andfrom

~C?44to,.04.35respectively,as shownby thedottedlineadjacenttO

curve3.

Theonlyobjectionablefeature-ofthemethodof fairingjust

describedisthata singlelinecannotbe madetofitthewhole

contour,andthereislikelytobe troubleingettinga smoothout-

lineatpointsnearthejunctureof thevariousfairingcurves~It

isdesirablethereforethatwe seekstillfurtherfora compara-

tivelysimple’analytic-e whichwillserveourpurpose,andone

suitableformostcontoursis foundintheparabola~“

A parabolacanbe drawntopassthroughanyfourpoints,oz to

passthroughanythreepointswithany desiredslopeatoneofthem.

Inparticular,a parabolamaybe const~ctedtocoincidewiththe

contouroftheuppersurfaceof thewingat theleadingandtrailing

edgesandatthemaximumozdinate,witha zeroslopeat thelatter

point- Ifthechordofthewingbe sodram asto connectthelead-



ing

the

end trailingedges“of

chordbe takenas the

-(3.

theuppersurface,andif.thelengthof

unitofmeasurement,thegeneralequation

oftheparabolais:

2h# + 4xy(.5- m)+< (.5- rn)2-2hxI-y (2m- .5)= O,

where x isthedistancealongthechordfromtheleadingedge,Y

thedistanceabovethechord,m thedistancefromtheleading

edgetothepointofmaximumcamber,and h theheightof thecon-

tourabovethechordat thatpoint.Intheparticularcaseof the

R.A.F.6,ifthechordbe assumedraisedby .005timesitsown

length,tobringitincontactwiththeleadingandtrailingedges

of theupper,‘ratherthanthelower,surface,m is .3and h is
●

.07theequationtakestheform:

.14X2+ .8xy+ 1.143y2- .14X+ .Iy= o,

or,~ltiplyingby a constantto eliminatethefractions,“

49x2-I-28xy+ 400y2- 49x-I-35y= O.

Solvingfortheordinatesatvariousstationsalongthenewchord,

(,005abovetheoriginalone),thevaluestabulatedbelowareob-

tained.

Distancefrom Ordinateof Ordinatespeci- Difference
~eadingedge parabola fiedforR.A.F.6 ofordinate

0“ o 0
.0:5 .0233 .0270 +. 0037
● 05 .0326 .0390 +. 0064
.1 .0525 m0550 +. 0025
.2 ● c6i36 .0690 i-. 0024
.3 ● 0700 ● Q71O +. 0010
.4 .06755 .0700 +- 00245
.5 .0614 .0660 +. 0046
.6 . o~25 .0600
.7

+. 0075
● 04155 ● 05~() -1-.01045

.8 .02895 ● 0390 +.01005

.9 .01505 .@220 +.00695
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Theresultsareshownin!?ig~4* Thebtigina~R.A.l?.6section

isagainplottedintruescalenearthetopofthesheet,andthe

differencesofordinatesbetweentheparabolaandthewingcontour

areplottedwiththeordinatesenlarged20-foldinthecurveinthe

lowerportionof Fig.4.

.
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